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3ASTRACT

r.4The present paper gives the data of the observation

of the polarization of light scattered by fog at di-"fer-nt

angles, and the absorption of light in natural fogs. The

result of observation does not coincide with the theoretical

data. In order to explain the discrepancy between observation

and theory the hypothesis of the pr,-)sence of -ubmicroscopic

drops in fogs is proposed.

1. Presentation of the _roblem

Since 1940 the instituteof theor-tical geophysics

• commenced a complex study of the optical properties of fogs

' in relation to their physical properties. The present paper

describes the results of the first year of investigations.

During the last 12 to 15 years many investigations,

amongst ther a number of comprehensive, ha!vo been carried

out on the study of fogs. After several authors have revealed

that fogs are more transparent to infra-red rays than to

visible rays, this problem became the centre of -tttention,

3Ao
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sinc. it assued oro pract.ical importance. Thorefore, it

first of a.I becam- necessary to re-evaluate the possibilities

of infra-red rays. They began to be looked upon az a

universal medium.

However, such a conclusion had zo be abandoned

after a more careful all around investigation of the phenomena,

In many cases the fog revealed pc r transparency to infra-red

* rays. A great deal of factual material was collected, much

of which was of a contradictory nature. The practical

*investigators were not always able to obtain from the physicist

and geo-physicist clear descriptions on the procedure and

methods for the utilization of infra-red rays in a fog and

often were forced to act according to their own judgments

and take risks. Due to certain complexities of the phenomena,

such an empirical approach invariably leads to negative

results in many cases. Therefore, there now exists tn

indifference, and sometimes even a skeptical attitude to the

problem amongst the practical investigators particularly

when speaking of the possibilities for photography and photo

elements in the region near to the infra-red. And although

many countries are investigating the spectral transparency

of fogs, the possibilities for practical utilization of

infra-red rays in a fog are at the present even less definite

than heretofore.

On the basis of a critical analysis of the published

literature, we came to the conclusion that such art attitude

* to the problem does not correspond to the reality of the case.

.II



( .ii r(: nos ~ a t, !)oi 2-o a a

lI~~r ~ L-1..5 i In [I fo_ "W!, ic i CoUU I td)! ('11~ 1y ULt1I I z(

I I k ',,a V, -r J Icr ur~cdo ub )t v-l y cont a ins a riuminbr of'

i.) i I( utill;JIltIofl of whIch could 1.), eff'et'.3

1? -v s uro n(~) CoIF,5 i" ma niy" a ' L.,; a currip2rix

~ (! ~02' .is) ilphoanome~nui which is d1itIngui:31i,. uy ai mutiplicity

)fproport l~cs ono foe, doo3 not resoriblcot, ( Thu physicist

ancl ~ycs must give (but, 30 far I' 'o not d:onei 30) a chuar

roply rnpdigtht- factors, whiotn dotermino tiie actual

tra.-Isr :t enoy of. 1 nch concrete fogr, arid must gilve conver~lont,

*nmethodn, -Yiich wou.±d pormit the obtiiininiL of necess:,ary

InfCormation about 11ogs under practical conlditions. Finally, it

muast be clearly stated what generally can nd what cannot be

oxpectrid from thne adaptation of infra-red ritys In fogs.

Having In mind several concreta methods fur the solution

of the stated problcm. we undertook our invcstigation, even tho-",h

-r. ordor to o)toiln final results a great deal (several years) of

1L."nc will br h-cquirod due to the complexity of the pheniomena.

ofxeurm n

A succonsful solution for the presenrt problem is possiblo

only If a comnplcx method for the Investigation is adopted: It i3

0 tJ F, rod nimultaneoui;ly a number of propertcies of foL-

.-Is Is ncessary bOC'au.e Of the complexity Of fOjg a3 a physical

phenrielna

The plan or tho first year of work co.Istod in &rryir ;

out.,L the followini, proceduries:

(it Phto-electric -mcan-zroments of thp- transparency of n foG
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in thiu vlsi ind h -rd .ion of ;he truz (from

450-1000 ,M/f). For a btter intorpretation o' thu rosults

we decided not to u:e l.j.t filters, in ordor to soparate

tho oentl.. nct ons of the spectrum, and Jnc " ,dd a.

rrmonoc:-romator in the installation.

The properties of photoelectric mcasurcornts are

known, but under fog conditions it is necessary to ta:o into

account some of the shortcomings of this method. In ordo_

,o obtain fairly detailed curves for the spectral trans-

parency of a fog, it is necessary to take moa.uroments in

. not los than 12-15 points of the spectrum. Since the

measurements for the individual points must be made

consecutively, a change in the properties of the fog during

Q that time may result. This can be avoided by adopting

photographic spectrophotometry.

kb) The Spectro-Photographic Method

* A projector, containing a 100 watt lamp, was u~ad

as the source of light. At a distance of 275 M. from the

projector a speatrograph was installed (Fig. 1). Two

spectrographs were used simultaneously. One was a self-made

spectrograph with a relative aperture f:4.5. 'he length

of L.o spoctrum from 400-600 m/4 was 12 mm. the lincar

i- d 6c'sion is 13 mn,/mm. in the region 400-450 mr/I and

43 n/< /mm. in the region of 580 m,'.

0
...........



~ ~ r t.Lp r "I2or 410C-450 2i.

.0 A '. L v:. ~ , c :t(!o d o n Ajfa

PIL03 o~ f WiAer">a * j 2r W, t2rniruncy of the fog wno

dotrmTln&~ after compavW6~ the spectri ubto innd on one and

*~ ~~ M 3nnn ~~.. pinhto In a fn anti witirsu ut op'. VOr tO :i;cuILa U Ct it

of' the chnru0Cl~oP 1 t.L c iz vC i, ,: 0 U 2 d a s tep woc,-o for th

npn11gap s~ M, WS Stop Wediqo 1:-,>~j by Ui cathOd

disp orn~i on of jdatinum: onto ~ a lss pinto)

iPrm this kintn we obtaned the transparency curvns

for ..ho rPIon from 4110-64 m/4O

(c ) The. rMicrophototra phy of' Fog :Drops.

In ordeor to doornrtnu the radii of the drops, phiotoi

wcre t"nc by a c..:ora cornnocted with a microscope. The drops

* ~~were cop02 nd on. a 31n fp~.12to covereI'd withl'. special gr'iso.

e ' Ii s o,,' thoc.9e oh .Ju'0:uu pu WOPO ()U Iae In a i jO

by 2. 11. 3:7.lrnov (Izvce;tla of the Academy of Sciences,

U.S... Goographic anid Geophyjic Section, No. 5. t41. ).

Mo ) n:.; 2r~oentn~ of the o astur In a Fog.

Th proo nove worx.od ou Co0 tha m .o ii;bU . t 3

-3 .li **atnf iory -mri "tiize n soow btto
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'U -. t.. u.J o- .. hc -: . r, ... . ed on the pryC-r- r.)Otcr, the

drops o.2 te f'o arc uvaporated; the increase in tho quan t ity

of v...ur.r.os the ,olsture content. The

calcuatio-.. arc carr.od out y th ci2:.'" r.Ce . t.

readings of tho two psychronotur, one hea-tod and one

iUnhca tod. For details of thcuo :nea urecInt. sce the above

ontioned paper by Smirnov.

(o) The Measuromonts of the Polarization of LIght Scattered

by the Fog Under Various :,nglos.

For those measure-ents we used a Cornu polarimeter.

The measurements were made at angtles of 60, 90 and 1200.

Thesc observations wore 7,ade in order to explain the hypot'esis

Q of "sub microscopic" particles In a fog, which Is described

below.

The goneral position of tne instrun:.ents du ln ti

time of measurements is shown on Fig. 1. A large working

distanco (275 M) was selected, in order to insure the st .dy

* not only of the fogs but also of hazes having a visibility

of 2-3 KY.., since such hazos are a frequent phenomc.na 'In

many gougraphic mnos.

Tho -ousureoonts wore carried out in natural foes

at points in flat country and far aw ay fro:n populatod places.

Work ovor largo digtancos demnds grot snsit-Ivt of t

photo clectric apparatus. particulnrly In th, cri oe;he:: a

monochrom:tor with a narrow silt Is uncco. ,, :c ,

* -



of ve yjr c _7;clsL

* . ~. ., ur,,,un 1,y Lry p~~~r; O

11~~o ft7'-nt :--hn t-'t a 0 vdual

alkai. accanu'lator- o" ~ yrj o. J .Ii con-c td

1r. p)arallcl, w~reae h' *~sourco for. thc ctuthodes

of e tut(es. .~zitA a.-.J to qv .;Ucc St~bliity

w~toutresortlnj toc, ar~ Dur. rtg the twv months of

the:'bldwor te slf sc~arae of tho ncc.Lum_:itors was

broi;,;nt to a minim,'a- by carefully r.9gulatin. tha-. fr.om thoe

walls of the m~etallic boxes. A Il the parts of the circuit,

nc'dng -h -alvano:.nccer, were carefuily scalea. :,;oo s

01-2 operating on lowiered voltages (VH,-21V) were usead as

w~2ifeOrs.

The sens-It' Ity of the appurutus wias i. 1-O1 A

f'or I mn. of the calvarnometer scalco. Due to a rpecially

solocted rrocedure, the Z-alvano-tcr -vtlrns .':c

*proportional to the 11. .t 171o %Y, o v vr t v. icI s- ca I

VC 0XY -auz oyen - C 8 3 1UM ~~C *C.M Ut :ia' V a

sonaltIvlty of 3O/^A/c-. f6or L 04ark current of the :%4er

-13
lo- lips, prepared by the vacuum lrilorAtory VZ: v,

used as the photo- elerme.t.



Q-( .- tlb11ty o'~ the, circit .'s expressed by a

crcon o f 1-2 zmn. or. the 3cal-e of 12. lnvanoinetoer for a

duratlr. Of 1-2 hours.

The opticzal Of: o:- th ap-aratus consisted of'

a mo och'roriator -'th a s1; I.thfom 0.1 to 0.2 rmm-. The

schc:-,atic o1f the apparatus is Z2O.ior, Fib. 3.

4. Rh esults of' **he Folzirization A.easuremce.t an~d Their

Intrs:taion.

Simultaneously with the other mcasurements, a

determination of the de-rree cf p rztOrof 3ih cattered

by the 1'o3 at anoles of uU, 90 and 1200 was carried out.

The measurements were crarriaod. out visually withl the aid of

Qa Cornu polaririeter (A -Aiastor, prism 6ives tw.,o I'mre~s of

the square of the entry o:)enin,; to the.t inrstrwmn-t; with the

aid of a Nicol prism, tho br!4: -tnnss of the,. two ina~as is

equa)2.zed, thco position of t'he N'Icol pr-Ism deter.7irnes tht3

deg*-ee of4 polarizaton'#

We f Ind 1.t exp Ui;Jl to b ig.r t~i pronon'-r-ion o:

resu.lts with these data on~ polirIzation, In~ spi.to of theo fact

Sthat they are loss compictc.

Or.a of' the typ2.c"' cur':uj Ont F11'.S ~ 8

4. Tecurve lhs a nax~mu:- at :-,m& 1 , t'-. C cf Che Ir~

arGics Of scatterlnG. '*h*s ;omai i s .1,a - c~L tt

0Nw0."mo
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ta' ~ ~ t ~c h~ .u furwvrd.

~Cj r .'o ty s. o o:~~:~ one of vI., t cer s

th .

th r o iaiIvco ;Xru O; 0~ f w o~~ will depcnd on

If j.. -20) is tiie in~tensity Of 3C.Utt'Orirl byl -- ct V= l2CO~,

and ir f6O) is at 30', 10i, t" e Rayleigh scattering

the corrspondi. components wil "'a:r (.120) and r (60), then

' from the above it follows that Im (120);i m (6O), and at the

same time Ir (120) = Ir (60), If both type.s of scvattering act

simultaneously, then the total intensities will be: i (120) = I m

+ I r (120) and I (60) = Im (60) + Ir(60). The share of the Raylei:7

Qscattering for both cases will bc

y(120) = Ir (120)

and y(G0) = Ir (60)

It ts ipparent that y(60).- y(120). But the Rayleigh

scattering is more strongly polarized than the scattering

according to Mie, hence it is natural to expect that the greater

j ( ), the greater will. be the degree of polarization of

the scattered light for a given

From this point of vIbw, curves of the type shown on

Fi. 4 presenL proof thnt the Rayleigh scattering' noticeably

pesent in the :otal scattering of l1.ht by fogs. The question

-N
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?or furi-.:r i-e-.-:o.: -- ....is, :t iS

nc<aryt3 c2.seus, the 3n,~2ca~.~

of the reduction of I, b. fo:.

Disr ... 4. ; the .. = n of h seleczive absorption,

the knovr. theory by Stratton and Houghton lvcz a law

characterizing the basic factor of the reduction in gh" .

dispersion (fro.. now on we will consider the regions of

visible and infra-red spectra up toiN= li.for which our

measurements are taken). The scattering coefficient according

to Stratton and Houghton is equal to k = 2 7r nr2 k, where n

Is the number of the drops of radius r in I cm.3 of fog, and

k is a function of r and ? , shown on Fig. 9, where along

the abscissa x = *2 r are plotted. At a given r this curve

, determines the spectral course of the fog transparency, by

changing r, the spectral course changes. The region of small

x(x - 4) corresponds to the Rayleigh scattering, and the

region of large x(x-14) gives the neutrality of the fog

and even a decrease in the transparency in the direction of

the infra-red rays.

13uAO
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Cons.de.ring thu resion of the spectruim 400 n/(- .

1000 myc, wo have for x = 14 tho condition C.9,C r-: 2.2,v.

There Lor e , for a fot, the drops of which have a radius larger

than 2.2e4Y we -.ust expect nutral transparency and even

some decrease in transparency in the direction of largeo .. H

Does this correspond to reality? To this question

we must give a negative reply. Going somewhat 4head of the

story, we will cite some data on transparency, obtained by us.

A curve of fog transparency measured by the

photo-electric apparatus Oct. 4, 1940, is shown on Fig. 10

(curve 1). The time of measurement was 5.45 a.m. The

transparency noticeably increases in the direction of the larger

On Fig. 11 are shown the radii of the drops measured at

at the same time (5.40 a.m.). The predominating dimensions of

the drops are r - 1.7/4(. If on the basis of the distribution

of the radii, we calculate the theoretical course of the

transparency by Stratton and Houghton, we obtain curve 2 of

Fig. 10. (It is hardly necesqsary to point out that in the

presence of drops of various dimensions in a fog, the

substitution in the Stratton and Houghton formula is connected

* with the necessity for calculating the individual radii and

with a consecutive summation, called for in similar cases).

A comparison of the theoretical and experimental

curves clearly illustrates an 3sential discrepancy.

0 /
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Ac":. ' .. Ltf , Ux~ LD.'r, but the

U . .:n 7. nh -a x:;_:g , iteratu- eho,;s tht quite

,: ;..1, a:. 1 C...... . r transparency in the

r ,, ,-, ::: :, .v rge (up to and cxceeding

:-ioc,.- -ob f the StLratton and

}'n ~eoy, (P.,§L) thee vwer,-: no vorks ntroducing anything

no., into th.. o 'xLa nr of .r em. Nothing mrore was

added than .-.or c exact mat cal calcuiatons, aithough

sometimes these ;;ere very eby themselves Occasionally

indications are encountered that the theory of Stratton and

Houghton is a rough ap-roxImaricn. It is doubtful whether such

assumptions have a sevious bas..s. The limitations introduced

by the authors into the original assumptions of their theory

have a completely definite meaning, the elimination of these

limitations can only give more precise results, but cannot

change the basic reasoning (particularly, in relation to the

fact that starting frora a drop of a known radius the

scattering becomes practically neutral). The improvement of

the existing theory for the transfer of light through fogs

. consists according to our point of view, not in the improvement

of the Stratton and Houghton theory (in any case this approach

cannot be the basic), but by finding new physical factors

which essentially affect the course of this phenomenon.

0l
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Often, the observed dbvktions bteen theory and actual

rasurenents are s~ ,-re t that no agreerent is possible

without a definite chane in tho baic concepts.

It appcars that frori this point of view particular

attention is demanded by the probler, which was encoLutered

in the discussion of the results on the polarization

measurements - the question on the presence of carriers of

the Rayleigh scatterers of light in a fog consisting of large

drops.

6. The Hypothesis of the "Submicroscopic" Particles in a Fog.i

We will assume that in a fo6, in addition to the

drops measured by photornicrography, on the basis of which

the calculations are always carried out by substituting the

value for the radii in the Stratton and Houghton formula,

there are also drops whose dimensions are so small that they

are invisible under the microscope. These two typAs of

particles we will for brevity name "m.-roscopic" and

"submicroscopic". The assumption that such "submicroscopic"

particles are present in a fog is quite plausible from the

point of view of general physics. Their presence will

essentially show itself in the optical properties of a fog.

We will first analyse the share of the submicroscopic particles

in the total scattering of light by a fog.

0

Sg! -
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c-. r -,t .Q y di p r

by OnG azrp, a , :o&o'Ko:.ai to the square of its

raWU>-.3 U' . 2,,r :e n:.>- to tha large particles

of :-ad2.s rx the &.r' _e . o.. in a fQ A.r.i particles

o2 radius r2. e', vhil i C1.Ube 5J.L ;ZC..e .Or 02 tLese particles

In i cc. by n, a. 16 toa x.t, r coef 'icnt i

2 2
theref'orc', be .....i. .... to thc su;. nir + n and the

s.hre of tho scaduerln dae to tho s:all particles by comparison

wIth the large will be determined by the ratio Z = n2r2

nlrl

The relation of the mass concentrations will be determined from

the fraction :n 2 r2) , from here Z = r1

nlrl 5 r 2

'For clearar-es we will calculate one numerical example.

Let Z = 1, rI = 6/4, r2  0.314. We find that a- = Z r2  = 0.05.

This means that the small particles will bring about the same

scattering of light as the large, it their mass concentration

constitutes only 5/ of the total. Quite small quantities of

water, when they appear in the form of small drops, produce

a very large optical effect.

Carrying out sinmilar calculations it must be

remembered that for particles which are s.my umll compared

with the wave length of light (rz- A), the dependence on the

radius will be different: according to the Rayleigh formula,

the intensity of scattering is inversely proportional to the

square of the volume.

U1
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. r .. e Z * i In other words,

at a given , con cntratio of C"z-ops, the particls for which

r - .- , scatter proportionally zo he cube of their radius,

bu; for. -e drops the scattering is invcrsly proportional

o -he radius. At wat dimensions of the pa' ticles does one

law transform into the other? Turning to the theory of 1,:ie

we become convinced that such a transition taks Jace when
* r is of the order of 0.1/, if we take into consideration the

scattering of visible radiation. A polarization curve

calculated by the Mie theory is shown on Fig. 8. This curve

shows that the Rayleigh law for scattering dous not hold for

values of r 0.1/<.

QHowever, it must be remembered, that the 1.'"e

calculations relate to colloidal solutions of metals. For

water the optical constants have different values, but the

order of the magnitude for the transition values of the

radius remains the same. From the curve by Strattion and

Houghton (Fig. 9) we observe that the region x-;:4 is the

* region of the Rayleigh scattering. From the equation

Sx = 2 7 r, assuming.A = 500 mAand xZ. 4, we obtain r-1- 0.3A.

Thus, drops of radii several tenths of a micron appear to be

the transitional drops from the Rayleigh scattering to the

4ie scattering.

oo
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- ~ 2a~~Curve

gLv(:s the vL.V. . : *,,.'>." (.., ;':', c (in the usual

uaIcti ) p : . ,, ::,, '. , i . . . t ,or to t u, radius of

n, - It, " 1" .,..i i, th 0e fo' s

CXpr(r : - IX). : .:.,.. .. ,1 ,.. o' thu r ,adii which

arc too :-.aIl . , . "icroscope that

,he c co, ... c,.:n. r.--ach:- -,)ar 4zc'lariy laix , values.

For tlie o-pt.cs of a 2o it is particulariv

importan t that tzo oumicroscotic particles, which scatter

according to the ,laylelgh law (or "' u;isi-Rayleih", i.e.,
-t

the dispersion coeffici-nt Is proportional to/IN where t 1:

_hls is the transition region on the Stratton and Houghtun

curve), increase the transparency of fogs for infra-red rays

coparatively with the transparency for visible rays.

The particular importance of this condition, as

follows from the earlier statement, arises from the fact

that if by a direct -. easu z'ement in one or the other case it

has been ectablished that the drops in a fog have an r= 2.2V

and that under these conditions the transparency increasei

in the direction of largerA , then each such case becomes

unexplainable fro-- the point of view of the Stratton and

Hou-aton theory. But it is precisely such cases that appear

to be typical for fogs. As one example out of -.ny, we will

cite the curves obtained from the measurement of fogs on

the Itt. Elbrus carried out by the Optical State Institute

U

- ______/qA,o
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in (:in, :,ucr, L L, C.rniav). Two czves

for the tonnparncy arP io o . 13. Both curves are

of a for hav.l., lari:e a air.,ost unforn drops 'r= 8 and 9/4),

but the stoctral coL'.zre of thIs ent.

14orcover at such larCe valucs of -, tlih increase in t.e

transparency in the direct-on of -, cannot be in

agreement with the '-tratton and Louh-hton theory.

On the cortrary, if ve Lake into account the part

of the subimicroscopic particles, then the increase in

transparency in the direction of larger/becomes understandable.

The example shown on Fig. 14 explains this problem from a

quantitative point of view. We calculated the theoretical

absorption coefficient for the wave lengths from 400 to 1000 :-,1

for four types of fogs:

1. Monodispersing fog, r = 5/<. CalcuLated by Stratton and

Houghton (curve 1).

2. The same fog but containing 1% (mass concentration) of

drops r = 0.2,o(curve 2). The calculations are based on

the curve of Fig. 12 assuming that the submicroscopic

drops scatter according to th. haylieig law (the

* scattering coefficient,- . -4).

3. The same fog, but the mass concentration of submicroscopic

drops equals 3% (curve 3).

4. The same fog but with a mass concentration of submicroscopic

drops of 6% (curve 4).

rlr
~1-



4 '9 wt.

- ~ ~~~~~~~~ .. * .". . : - D . taffit c

/"

_j r,% of 'ec Ltha t

-a:; .:tnc: L. Q4 ~v yu

able to cstablilsh that t. sn pt o:' thcese c,,rves chances from

Sto fo,-, as v'ellI as wit-, 1Urre for any Fiven fog. ThI s

c can be euslly explained, since tie number und diensions of

oh submicroscoplc particlcs in a '~ undoubted.1y chan-e with

.- me. Therefore, one can ex.,.ect simultaneou3 can-es i h

sp-oct ra I transp~arency of a fo(;.

Jn. the &'1th of Oct.,ber, 114-O, we !;u.cceedeC irn

ccarryln ; out a series of simultanc-ous observations for

~ ~atinz- a _u-rar::na rcnc y. "he transparoncy was measured

_ho photoe'Lectric mutjthod. The optIca"L properties of' th,.$e

Swcere vhnnth. tt.Ith and we succeeded -'r estabihmng

a -_aral leli'in In the,. chanees of transparency and polarization.

:t was Pound, that with ti*me the shaipe of the polarizatlon

curve uras chsn~ir.; in such a way that, from the point of view

1A010o



C, t o c. :,D a n6 or the ! a7c a .. n"

. & .02: -o:.., .,ave Patnato:. could Lt. "..c: ~ c , ,': ci

-- 3 :y&- of ie~olaltizuhd oorr u

:.?.c ;c;:.-m-ic I.s mt ore .. essentl , rc

s carried out r.casu'crnenss on t-o " howc

tuSt i s impossible to narnronlzo tho sult of tnQ

transparency measurements with the Stratton a. :oujntor

theory.

The compilation of a similar series of observations

will be our specific problem for future ;or'x.

7. The Results of ,.,:-asurements of zhe AbsriF of7 by

We have obtained neasureMents for seve:'al doz.n

curves of the spectral transparency of natural fogs by the

methods described in (r) (with tho ai of a o

and a photoelectric apparatis using; a .aonochr-..,or). We

* will analyze a few .f those.

First we will describe the fog which has occurred
in the evening on the 21st September, 190. fo deserves

attention from the point of ve w of the Stratton and

the- -y, since It was isodisper3i. to d dro .



* . .- c r e

--- ... C c ,4. t 0 r

-c rs sma :A fo r ; v e r o n . D1w

.. Cou n ot Qta -n sdo o cu v.vi-.. .. s. o t. -

inOaco un w ,e n cma r n t. u it tn a aa fhC

ct ro zra;h)

The va acr, the t ranspa eny o f t C f f

... fia- rc-4 rays -' viol 1.I.ustrated In t-e c,,;rv : e;ro by

.he ho!ectrca ajri ' u - aj 5th of Octobor. 'le ;e

c.urvs are shown on Ir't, sts 17 1. . 4h will first analyze

curves of October 4tsh. Fl;. 17 Shov.e araraje -Yplcal)

.o s o r thie voz-n time Intervals. hIn crves were

te photoei thi tine , a . tn are not obr.own he- to

of space). All curv3 -eow an undevated in ease in

-2
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the transparency in the direction of larger, . They all

contradict the results of the Stratton and Houghton theory.

We have already shown t4ie distribution of drops according

to their radii for this fog (Fig. 11) and the calculated

theoretical curve (Fig. 10). It must be noted that the

contradiction with the mentioned theory is of a double nature:

1. the spectral course of the transparency is quite remote

from the theoretical.

2. the spectral course of the transparency changes with

time, at the same time as the dimensions of the drops

measured by a microscope rewained practically unchanged.

As has already been pointed out, both these factors can be

0explained by the presence of submicroscopic particles, the

number of which, as follows from the polarization measurements

was also changing with time.

The transparency curves measured on the 5th of

October give an analogous picture (Fig. 18). From the curves

it is possible to trace the dynamics of the change in the

optical properties of a fog with time. It is evident, that

as the fog begins to disperse, it becomes more and more

neutral. This means that in this case in the dispersion of

a fog the Submicroscopic drcps are the first to evaporate.

Although the hypothesis of submicroscopic particles

gives an explanation for a large number of phenomern

characterizing the transparency of fogs, there are, undoubtedly.)

specific ph'nc-ena observed in a number of cases che

I . . . . .. .. . .. ... . . . ...



C :i r. . int~utie fr'nmow r; Of t ho

~ i ye .-:u .oil. In 1.ho infra'-rod

-. ~ . :~ b o r: .pLi oI cu,; be nut icod

h 2r Ci:' . u b.,3or-:tion can be

*v,.i..: 1 .11 w tl o 6 b 0 ub-'U 7 G PartlcuJiar atten*CIon

~o ~ 01> pnt rV:, n dicrn:Wdc by the noloctive absorption,

c Cea. in t v1:;i ;1o :nction o:l the suoctruvi by tho

m:u rorp canmruxr.r0en. t; S)i 1 shows savoral transparency

_izrvr. . o' Litintied on tho 120th of October, 1940, which revoal a

sliar'ply oxPreo::ed( sneLoctive absorption in the region of 600 m/<.

This fo, (morn accuratoly haze, i.n. tho visibility was

groater' than I lai.) lasted for stverai succos.91ve days an d

n rI I I-,, On tho Ul1,3t of October we again observed on the

trann,-rorncy curves the scioctivo absorption In the same

*rcjion of te spectrum (Fig. 20). At prusent it is riot possible

to 1vc a theoreitical expianation for this type of curves.

Taus on theu qth of' October according to the spoctro-photographic

dicti. oven a morc intonio region of absorption was observed

a sao cectlon of the v'iblo spectra, as 3hown on, tho

of ;a of o 21. Fig. 21 Cgives, a theoretical curve

nc'in;to Stratton and HoiJ*i-ton constructod by tho mousurod

p.-:o:-,icro,*raphic distribution of drops accordin- to their

* t*'-*~A,,



24.

,0will oto, that iZn t oi " o tho roIo: of the

sp c tra i.nd i ho radii o1 tho drops correspond to tho section

x Orn 10-15, i.o. to thc rDGlon hiving a more cle.u'ly

rixpros o'd 3oloctivity, in tl.'o 3t !tton and Houglhto.n curve
tho

(±ig. 9). None the lisi, duo to/zmill value of the tot i

absorption in this fog on the thooretical transparency curve

shovwn on Fig. 21, no noticeable oxtroznis are revoaf.,d. The

observed selective absorption exoeeds il, -,"6i,iiudc the limit-

which can be explained by the Stratton and Houghton theory.

An attempt to give a gcneral thcoretical analysis

of the possible causes for the selective absorption will be

made in a separate work.

QThe fog of October 4th, in distinction to the one

of the 20-21 of October, was of a comparativoly short duration:

it appeared around 5 o'clock in the morning, and by 0 o'clock

it was completely dispersed. The fog which appeared the

following morning (also a radiation fog, like that of Oct.4)

did not have any selective absorption in the visible spectrum,

as is evident from the transparency curves Fig. 22.

It must be noted that the transparency curves on

Figs. 10-22 are shown in the usual units: for each day the

largest measurcd transparency is taken as 1. Thus these

curves do not give absolute valus for transparoncy but the

chango in transparoncy according to the ,sipojtrL1a.

0



"Now

Vi&'~~~~~ L .:u uit I't U. c. Ve Iu v~ 4 L y. :u rl~ o f~ 11 .i0 Ilk

Lhc ~ ~ T nrc1lI. ( ~o~ u ccol,:.' Lip :,ubmicro.ncopuic drops

11 ,1 C '.' 13 I! II 10 Otu) nrniJ Ct Io oaik 1ok 1.s e t 1' o

oroto uhhd(v:tid theo C1.r~d~ : ITW.'i . V I-i ye

M O,,n , tliat in tin nn ori ty of ca.-, s it Is not point lde to

krivo ovenl An ap:proximnto OXp)lanatiovi for, tio fahctual

transp1areflCy of' na tural2 t'ogs for- visiblo arid infra-rod rays,

!f we limit oiirsolVes to tho Stratton arid Hujhrtoni thory.

As shown by numrious data, the imjority of natural !')Gs Are

compogod of larg,,e dropo (r.;;2.'2<): if we tnke inito account,

as hiin niways bnen done up to now, only those drops which

can be obgocrv,;d by photomicrog.rraphic methods we cannot explain

the aztual 6ain of infra-rod rays In relation to the visibl..

from the point of view of better transparency which so ofton

occurs in reality. Such a state of nffairs cannot be

coQn.-,doroud satisfactory either, from a theoretical point of

*vl,:%1 or from a practical attitude tuwards, the invostigation

2 o7 Xg:;. Tho oxistonco of sub,,icroscopic dropsj in natural

i'.; ~ns up important por!-poctlvos. Th o o f

.,_.1:ztion iroasuro-,nonts car, i oc out s imultanoouisly with

"To 2pctruphot onttric'ioasurorrnonts for tho tran.-;,,c'ronc y

p, u,.onts Groat posoibilities for the solution of thi's problem.
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O In coniclusi.on we wish to express Vratitudo to

E. P. Smirnov for placinZ at our disposal the materials for

sAbmicrophotgraphi moasureents on the structure of fogs

I w!ich wore widely utilizod in this work.

Institute of Theoretical Go-physics, Academy

of Sciences. U.S.S.R.

' Sent to the Editor Jan. 21, 1943.

Translated by E. Rabkin

Technical Information Service,

N.R.C.

Ottawa

QFeb. 5, 1949.
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Proj ertor

r'ig. 1

Tho echom.tic of the pocition for the instrumoatcl 1 - polarimpter;- 2 . the directvi ion spoctrogrnph; 3 - the spectromrnph, fl 4.5; 4 . the photoelectric apparatuswith monochromator; 5 - the lapparatuo for the observation of the for composition;6 - the apparatus for the measurement of the fog moisture

L i

--- I---

I . ,k 1

..... ,ii4I, ...

'he ochemntic of tho amplifier for tho -oto currcnvt
i.photooeomont r - g~v~omotor 2.10~ &/=a.

}I



/ (A47 - a.. nhSr

.2°

Fig. 3

The optical part of the hotoelectric Installationt - tho
ray from the projector, .the entry slit of tho monochromator0 ,= -photoelement, T - amplifier
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